8-1 and 8-2 (look at 8-3) 


Lecture 


Medium]... Me 
Dielectric — Dielectric 


Total fields!!! 


m 


r 


Perfect dielectric 


А9 


СЕ 
n 
т 
db) p: representation of. © эш mesadas dl (a) Normal incidence 
um ee E 
x "Fon" ауа А 
NORMAL Incidence 
Incident planc wave 
amin ey 
Reflected plane wave | Incident wave. 
E 
em за ыса» 
LI 
m 
E dà) Boundary between amen tines 


(6) Boundary between different media 


What is “smooth” ?? 


N aL ey coherent component P ` 
к D az (хл) меу бие, 


Sots 


Reflected Power is Entirely 


ner and s, o Serin 4 
PETITE Age 
"EN рек 


— - 


7S-bittuse component 


Scattering Pattern Consists ol (omon) (бе sm ) 
Lara Coherent Component and 
Smali itus Component 


ы 


Rus 


Бурел salad fe 


Scattering Pattern is Composed өзме Length „+ 
Entirely Ише Components 
For Lambert Sure 
Ф ien) = п} созо 56, 
i 


NORMAL Incidence û x (E, -Е,)-0 x 


ізің, -н)-/, ж 


Assume no 


surface charge Doi 5G 
or current at 
interface... в, В, =0 
EE Т Con. 
Note: all tangential 8 
components for Note: polarization doesn't impact. on Ha. 


normal incidence. results for normal incidence! 


> we 
теме ELSE EY ig мам 


hy € 
2 ERIS 
ka unknowns > 


* 
T E Paa Es) 


i NAWÊ UE X 


Medium] (a) 


But what does it physically mean?? © 


Question Does Г+т=1?? 


For normal incidence... 


Nope, 
but... ГЕ 


2n, 


El =| rf + 
2n, m 


why |] 7, not just r°? ? 


da 
nala 


‘Medium Les) 


a) Boundary between dic media 


150 
(b) Transmission-line analogue 


Plane Wave [Fig 8-4] 


"Transmission Line Fig. 8-4] 


Ë n ret) mne | Я) = (енге) (811b) 
=. Fe CK ройы) (8.12a) T= егей) (8.125) 
1 
idc dien [1] Wo wees (8.136) 
ionem алад Ka E мы (8.14) 
22 2214P 
HOE. kı < evî (о B= mu. реу 


m= Ум. m= 


(3 


Zo, and Zi; depend on 
transmission line parameters 


Megan Votes был Text to texr T 


ES CS" ж 


Layered Media 2-0 
2 
Example: Single Layer! VA 
A 
with: 2 
ЕЕЕ” phasor 2 
ЗЕ, cos(ar —kz) time-domain 2, 


nen nem N= 


If E, = XE, at z =0, Ë = SE e" at theright side (z = d)... 


— | — — 


FE l 

4 cS Infinite sum for total 
Sum for total 1 || — ШЕ 
reflected В ` ind transmitted E 


Superposition!!! With constructive and/or destructive interference! 


Single Layer (continued) 


+ikz — W/ k defined 
in the slab 


Question 
Can the reflection from a 
slab ever be zero? 


Medium 1 Medium 2 " 
Mi т sin Ө, =nsin Ө, 


sin OL _ sin 9%. leur 
Time 


AA cA dom A EEE 
i E un 


Snell's Laws 


Medium 1 (#15701) Medium 2 (e2, иэ) 


Example 8-4: Light Beam Passing through a Slab 


A dielectric slab with index of refraction m2 is surrounded by a 
medium with index of refraction m, as shown in Fig, 8-11. If 


6 < Be. show that the emerging beam is parallel to the incident ООО 


beam. 
Solution: At the slab's upper surface, Snell's law gives 


т 
sin@ = T sinó 
m 


and, similarly, at the slab's lower surface, 


m 
пез = “2 sinó, = 
пз m 


sind. 


Substituting Eq. (8.33) into Eq. (8.34) gives 


OER i nt dtd 


m) \m (Example 5-4). 


Hence, Өз = Ө. The slab displaces the bea 
beam's direction remains unchanged. 


1's position, but the 


The plane of incidence (in this cas 
by the x-axis (the interface) and k, 


Medium 1 
(eı, ш) 


z=0 z=0 


= (a) Perpendicular polarization (b) Parallel polarization 
perpendicular to the plane of incidence E parallel to the plane of incidence 


Some Polarization Notation 


At Interface. 


Perpendicular Parallel 
E, Ey 

s (senkrecht) p (parallel) 
в т 


In the Atmosphere 


V (E-field Vertical) 


H (E field Horizontal) 


Some Examples... Optical Wavelengths 


http://www.ub.es/java 


optics/index-en.html 


mp Microwave Frequencies 


ET 


Reflectance 


СЕ975 
bus 


ocius angke y 20 40 60 80 


Angle of incidence. 


Y 
Snell's 
„applies to all waves 
siens Tine 
‘Photons and Conservation of Momentum. 
“Waves and Boundary Conditions 


тіп Ө = пб 6, 


Can also show: 9, = Û, 


Refraction !! 
(and Reflection) 


N 
⁄ 


ZE 


= 


| 
N 


Snell's Law & Total 
Internal Reflection 
hold true for both 
Parallel and 
Perpendicular 
Polarizations 


http://www.lon- 
capa.org/"mmp/kap 
25/Snell/app.htm 


Total 
Internal 


Reflection 


Fiber 
Prism 
Etc. 


Sin Ө, =nsin Ө, 


x 


n. т» n(z) 


nging, = n,sin 0, 


Ray Tracing 


гү = 19920-10020 
125050; + 1 cos 6, 
m 2 cost 
түз соз Ө; + cost 


түз cos; — ni cos Ө 


DS 
| түз cos 6, + ni cos 0; 


Эт cos 6, 
т\з cos @ +1 cos; 


Pagallel Polaki Farion 


= 


Medium 1 (£1, 1) 
For |l- polarization, 1, =0 


if Ө, =0, = tan” I" 
If both region: 


Brewster... (only for Il-pol.) Bc perm 


Some Example: 


http://www.ub.es/java 


optics/index-en.html 


n 
to 


aa] 


Microwave Frequencies 


СЯ 
ЕУ 


Reflectance 


10 


Optical Wavelengths 


Aluminum 


mem 


20 40 60 80 


Angle of incidence 


Expressions for IF. т, R. and T for wave incidence from a medium with intrinsic impedance mi onto a medium with 
intrinsic impedance Пр. Angles û; and б, are the angles of incidence and transmission, respectively. 
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This is a side view of the magnetic field of a TEn, mode in a rectangular wave guide. 


THE = ER 


4 R on €» ERE, 
Торос eere үчөөнү 


n=l [n=15| n=13 
DTI 


nevên 
Medium 1 


En 


Coax-to-Waveguide Connection 


Waveguide 
/ 


An extended section of the inner 
conductor of a coaxial cable can serve. 
10 couple energy into a waveguide or 
from the waveguide 


Coaxial line 


(à) Conx-to-wavegıide coupler 


Electric field 
vk 
EM wave 
^> 
y=0 


rh 


(5) Cross-sectional view at += a2 


Fine 8-21: The iner conductor af a сөлі cable cn excite 
an EM wave in he waveguide. 


v 


М 
(4 
x " 
а 
Boundary Conditions !!! 
Magnetic 
G Magnate 
ir Modes!!! 
Electric 
Tekî 
= 
Wave 
СЕТА propagation 
TEmod fed” “himod hito: wwwtamtde index phi 


Magnetic flux lines appear as continuous loops 
Electric flux lines appear with beginning and end points 


Таба Е 
M V-E=0, 
VxE=- jou, 


mio, й 
pmo 


V x A= joe. 


VEE E-O E E еее 


: = ۴ num 
BOs FG hse, PES — longitudinal Cmpen eri 
Te Hoe PT = 


ЖО kaha ақын Y" 
| те nagaral meme | 
a > EE 20 ا‎ ji 

di hat, ne 1 ge alls саас 


perfect dielectric on inside. 


T fold E field 


One possible mode 
= TM A, 
Net vate. Мой ove SeLation 


can exist ot Же 
some hme 
. 


^ II field out of page 
(e) Field lines for side view 


(8) Cross-sectional planes 


— d O t len 
ENANA A ZZ~Se NIV 
INN Û û û d dida AA NAA 

ttt tte +3) bars 
set ÊÊ YN S KANS 
вли АКНИ рал 
———— 7 1 N سے سو تا‎ / | SU 


This is a side view of the magnetic field of a TEn, mode in a rectangular wave guide. 
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Wave properties for TE and TM modes in a rectangular waveguide with dimensions а x b, filled with a dielectric 
material with constitutive parameters € and jı. The TEM case, shown For reference, pertains to plane-wave propagation in an 
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Exercise 8.11 What is the cutoff frequency for the dominant TM mode in a 
waveguide filled with a material with e, = 4? The waveguide dimensions are 
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